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MINISTRY  OF  THE  ENVIRONMENT 
TOWNSHIP  OF  PORTLAND 
VILLAGE  OF  HARROWSMITH 

» 

GROUND  WATER  SURVEY 

INTRODUCTION 

At  the  request  of  the  Technical  Support  Section  of  the  Southeastern  Region, 
a  ground  water  survey  was  undertaken  to  determine  the  feasibility  of  utilizing  local 
ground-water  resources  as  a  source  of  water  supply  for  a  communal  water  system. 
If  the  ground  water  conditions  proved  to  be  favourable,  potential  test-drilling 
sites  would  be  indicated. 

The  study  was  confined  to  an  area  within  a  radius  of  about  1.6  km  (1  mile)  of 
the  Village  of  Harrowsmith.     An  office  study  consisted  of  reviewing  water-well  records, 
topographic  maps  and  geologic  reports.     A  field  reconnaissance  was  made  to  observe 
geologic  and  topographic  features.     Water  samples  were  collected  from  the  bedrock  wells 
in  the  vicinity  to  determine  the  chemical  quality  of  ground  water  in  the  area. 

The  water  well  records  of  the  study  area  are  listed  in  Table  1.     The  location 
of  representative  wells  is  shown  in  Figure  1.     The  well  numbering  system  used  in  this 
report  relates  to  the  permanent  well  coding  numbers  of  the  Ministry  of  the  Environment. 
PRESENT  SUPPLIES  AND  WATER  REQUIREMENTS 

Residents  within  the  study  area  obtain  water  for  their  use  from  predominantly 
drilled  wells  which  terminate  in  the  bedrock.     Some  residents  utilize  shallow  dug 
wells.     According  to  the  Technical  Support  Section  the  population  of  Harrowsmith 
is  565  and  assuming  a  population  increase  of  1.5%  per  year  this  would  result  in  a 
population  of  761  by  the  year  1997.     Assuming  a  maximum-day  to  average-day  demand 
ratio  of  2.5  to  1  and  an  average  daily  consumption  of  455  litres   (100  gallons)  per 
person,  a  well  water  supply  capable  of  yielding  4.0  L/s   (53  gpm)  on  an  average-day 
basis  and  10.0  L/s   (132  gpm)  on  a  maximum-day  basis  is  required  for  the  design 
period.     Storage  would  be  required  to  meet  peak-hourly  and  fire-flow  demands. 
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GEOLOGY 
Bedrock 

■I 

The  bedrock  in  the  study  area  consists  of  Paleozoic  sedimentary  rocks  of  j 
Cambrian  and  Ordovician  Age.     The  Harrowsmith  area  is  underlain  by  the  Gull  River  j 
formation  of  Middle  Ordovician  Age.     Liberty''" divided  the  Gull  River  formation  I 
into  four  members,  A  to  D.     The  uppermost  member,  D,  consists  of  brown,  semicrystalline 
and  lithographic  limestone.     Member  C  consists  of  alternating  massive  and  thin- 
bedded  grey  lithographic  limestone  and  shale.     Member  B  consists  of  medium  beds  of  ' 

i 

grey  lithographic,  argillaceous  and  bioclastic  limestone  that  are  underlain  by  thin 
to  medium  beds  of  lithographic  limestone.     The  area  located  approximately  0.8  km 

i 

(0.5  miles)   south  of  Harrowsmith  is  underlain  by  Members  B  to  D  of  the  Gull  River 
Formation. 

Harrowsmith  itself  is  underlain  by  Member  A  of  the  Gull  River  Formation.  Member 
A  has  been  subdivided  into  three  submembers.     The  upper  submember  consists  of 

alternating  grey  lithographic  limestone  and  brown  fine  crystalline  dolomite  and  ,| 

I 

limestone.  Shaly  partings  are  also  noted.  The  middle  submember  consists  of  dark  j 
brown  lithographic  and  digitate  limestone  while  the  lower  submember  comprises  brown,  I 
fine-crystalline  and  grey  lithographic  limestone. 

j 

The  Gull  River  Formation  is  underlain  by  the  Shadow  Lake  Formation  which  comprises  j 

i 

red,  black  and  green  shales,  sandstone  and  arkose.     The  Shadow  Lake  Formation  in  turn  j 
overlies  the  Potsdam  Formation.     The  Potsdam  Formation  comprises  red,  white,  grey  j 
and  yellow,  evenly  textured,  fine-grained  sandstone  and  siltstone.     The  undifferentiated! 
Precambrian  bedrock,  mapped  primarily  as  crystalline  limestone,  interlayered  quartzite 
and  marble,  granite,  gneisses,  schists,  migmatite,  gabbro,  pegmatite,  monzomite  and 
diabose  and  andesite  dykes,  underlies  the  Potsdam  Formation.  ! 


1  I 
Liberty,  B.A. ,  1971,  Paleozoic  Geology  of  the  Wolfe  Island,  Bath,  Sydenham  ^ 

and  Gananoque  Map-Areas,  Ontario;  Geol.  Surv.  Can.,  Paper  70-35 

i 

I 

I 
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Member  A  of  the  Gull  River  Formation  reportedly  ranges  in  thickness  from 
50.2  to  56.4  m  (165  to  18^  feet).     The  water  well  records  available  for  the 
Harrowsmith  area  indicate  that  the  limestone  ranges  up  to  a  depth  of  57.9  m  (190  feet). 
However,  several  water  well  records  indicate  that  the  top  of  the  Shadow  Lake 
Formation  ranges  from  28.3  to  42.7  m  (93  to  140  feet)  below  surface  and  attains  a 
thickness  from  1.5  to  10.1  m  (5  to  33  feet).     Granites  are  reported  in  water  well 
records  ranging  from  a  depth  of  39.6  to  72.2  m  (130  to  237  feet)  and  attains  a 
thickness  of  up  to  27.4  m  (90  feet).     It  is  difficult  to  differentiate  the  Shadow 
Lake  Formation  from  the  Potsdam  Formation  in  the  water  well  records. 

Bedrock  surface  elevation  data  were  obtained  from  the  water  well  records  and  | 
topographic  data.     It  appears  that  the  bedrock  surface  forms  two  northeast-southwest 
trending  valleys  or  channels;  one  is  located  in  the  present  drainage  area  of  Wilton  ^ 
Creek  while  the  other  is  located  to  the  east  of  the  study  area  in  the  present  drainage  | 
area  of  Millhaven  Creek.     The  channel  in  the  Wilton  Creek  is  narrow  and  moderately 
deep.     The  Millhaven  Creek  channel  appears  to  be  narrow  and  shallow.     There  is 
insufficient  well  data  to  delineate  the  course  and  extent  of  the  buried  bedrock 
channels  located  in  the  area  of  Wilton  Creek  and  Millhaven  Creek.     It  is  likely  that 
the  channels  have  been  formed  by  glacial  and  fluvial  erosion. 

i 

Overburden 

The  overburden  in  the  study  area  consists  of  Pleistocene  sediments  of  glacial, 
glaciof luvial  and  glaciolacustrine  origin  deposited  over  most  of  the  area.  Recent 

alluvial  deposits  are  located  in  the  valley  of  Wilton  Creek  and  Millhaven  Creek.     Recent  j 

i 

swamp  deposits  are  also  noted  in  the  southeast  of  Harrowsmith  and  in  some  locations  in  i 
the  drainage  area  of  Wilton  and  Millhaven  Creeks.  The  terrain  around  Harrowsmith  I 
is  generally  characterized  by  a  sandy-silty  till  deposited  by  the  Lake  Ontario  ice 

i 

lobe  during  Wisconsin  glaciation.     Glaciof luvial  deposits  consisting  of  sand  and  i 

I 
I 

gravel  are  located  on  the  bedrock  terraces  in  the  Wilton  Creek  valley  located  just  j 

j 

to  the  west  of  Harrowsmith.     Here,  the  sands  and  gravels  show  cross-bedding  structural  j 
features.     Glaciolacustrine  deposits  consisting  of  clay  and  silt  are  located  to  the 
southwest  of  Harrowsmith  and  primarily  in  the  Wilton  Creek  valley.  i 
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Generally,  the  overburden  is  quite  thin  in  the  Harrowsmith  area  and  ranges 
in  thickness  from  0  to  19.8  m  (0  to  55  feet) .     The  overburden  was  found  to  be 
3.0  m  (10  feet)   thick  or  less  in  91%  of  the  332  water  well  records  utilized  for  the 
survey.     The  thickest  deposits  of  overburden  are  located  in  the  valley  or  channel  of 
Wilton  Creek  and  in  Millhaven  Creek.     Two  water  well  records  report  an  overburden 
thickness  of  18.3  to  19.8  m  (60  to  55  feet)   in  the  Wilton  Creek  area  while  surrounding 
well  data  show  overburden  thicknesses  ranging  from  0  to  10.1  m  (0  to  33  feet) .  The 
overburden  material  is  reported  to  range  from  clay  to  a  sand  and  gravel,  the  latter 
underlying  the  area  just  to  the  west  and  northwest  of  the  centre  of  Harrowsmith. 
The  overburden  in  the  Millhaven  Creek  area  attains  a  thickness  of  up  to  11  m   (35  feet) 
and  comprises  clay  to  fine  sand. 
HYDROGEOLOGY 
General 

A  rock  formation  or  unconsolidated  sediments  which  can  yield  usuable  quantities 
of  water  is  called  an  aquifer.     The  ability  of  an  aquifer  to  yield  water  is  dependent 
upon  its  hydraulic  characteristics,  its  thickness  and  areal  extent,  and  on  the  amount 
of  recharge  in  the  form  of  precipitation  which  reaches  the  aquifer. 
Bedrock 

Water  in  the  bedrock  moves  primarily  through  interconnected  openings  such  as 
fractures,  joints  and  bedding  planes.     Water  in  interconnected,  intergranular  pore 
spaces  contributes  to  storage  in  the  aquifer  rather  than  well  yield.     The  yield  from 
a  bedrock  well  is  generally  dependent  upon  the  number,  size  and  interconnection  of  the 
openings  which  the  well  intercepts.  As  a  well  penetrates  deeper  into  the  bedrock 
formtion,  more  solution  cavities  and/or  fractures  are  likely  to  be  intercepted. 

The  bedrock  wells  in  the  study  area  range  in  depth  from  5.2  to  121.9  m   (17  to 
400  feet)  and  penetrate  from  2.7  m  to  120.4  m  (9  to  395  feet)   into  the  rock,  however, 
the  deepest  penetrating  well  resulted  in  dry  conditions.     A  well  penetrating  58 . 9  m 
(225  feet)   into  the  bedrock  did  encounter  a  domestic  supply  of  water.     Of  the  bedrock 
water  well  records  studied,  39%  of  the  wells  encountered  water  after  15.2  m  (50  feet) 
of  bedrock  penetration  while  another  40%  of  the  wells  encountered  water  with  an 


additional  15.2  m  (50  feet)   of  bedrock  drilling.     With  an  additional  15.2  m 
(50  feet)  of  bedrock  drilling,  domestic  supplies  were  obtained  for  an  additional 
16%  of  the  survey  wells.     Only  18  wells  out  of  the  329  studied  penetrated  more 
than  45.7  m  (150  feet)  of  bedrock,  however,  three  of  these  wells  did  not  find 
sufficient  quantities  of  water  for  domestic  demands.     From  the  well  data  it  is 
seen  that  79%  of  the  bedrock  wells  encounter  sufficient  supplies  within  the  first 
30.5  m   (100  feet)  of  bedrock  penetration. 

Specific  capacity,  which  is  the  well  yield  in  litres  per  second  per  metre  of 
drawdown   (L/s/m)    (gpm  per  foot  of  drawdown)   is  a  measure  of  the  ability  of  a  well  to 
yield  water.     The  specific  capacities  of  the  bedrock  wells  vary  from  2.5  x  10"-^  to 
9.9  L/s/m  (0.01  to  40  gpm  per  foot  of  drawdown)  with  about  75%  of  the  bedrock  wells 
having  specific  capacities  of  less  than  2.5  x  lO"-'-  L/s/m  (1.0  gpm  per  foot  of 
drawdown).     Based  on  the  specific  capacities,  yields  from  the  bedrock  are  quite 
variable.     However,  most  of  the  well  data  indicate  that  the  specific  capacities  are 
generally  too  low  to  permit  the  construction  of  high  capacity  wells  in  the  bedrock. 
Overburden 

In  the  overburden,  water  is  transmitted  through  intergranular  openings  in  the 
sediments,  and  hence,  the  sorting,  shape,  and  grain  size  of  the  overburden  materials 
affect  its  ability  to  transmit  water.     Water  movement  through  glacial  materials 
varies  greatly.     Water  movement  is  slow  in  both  vertical  and  horizontal  directions 
through  fine-grained  materials  such  as  clay  or  poorly  sorted  materials  such  as  till, 
due  to  the  low  permeability  of  the  materials.     These  materials  are  poor  aquifers. 
Coarse-grained  materials  such  as  sand  and  gravels  have  high  permeabilities  and  can 
be  fair  to  excellent  aquifers. 

In  the  Harrowsmith  area,  there  are  some  dug  wells  that  obtain  sufficient  water 
for  domestic  usage  from  the  shallow  overburden.     However,  there  are  no  drilled  wells 
that  are  completed  in  the  overburden.     This  is  probably  due  to  the  fineness  and  poor 
sorting  of  the  overburden  materials  and  to  the  fact  that  the  overburden  materials  are 
generally  thin,  have  limited  areal  extent  and  storage. 

The  overburden  materials  in  the  area  above  the  creek  valleys,  therefore,  do  not 
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appear  to  favour  the  construction    of  large  capacity  water  wells.  However, 
ground  water  moves  under  the  influence  of  gravity  from  topographically  high  areas 
toward  discharge  in  the  topographically  low  valleys  of  rivers,  creeks  and  swamps. 
The  thickest  deposits  of  overburden  materials  are  situated  in  the  topographically 
low  bedrock  channels  of  Wilton  and  rillhaven  Creeks.     As  the  bedrock  channels  are 
located  in  the  discharge  areas,  the  overburden  in  them  may  serve  as  a  means  of 
storage  of  groundwater.     Past  erosional  forces  may  have  made  the  bedrock  more  permeable 
in  the  channel  areas  and  although  the  channels  are  filled  in  by  fine-grained  materials 
and  generally  may  have  only  the  bottom  metre  saturated,  it  is  anticipated  that  the 
bedrock  aquifer  may  be  hydraulically  connected  to  the  overlying  materials. 

Although  the  sand  and  gravel  deposits  appear  to  be  thin  and  partially  saturated 
in  the  Harrowsmith  area,  there  is  a  possibility  that  thicker  deposits  of  sand  and 
gravel  are  buried  in  the  Wilton  Creek  valley  further  south  of  Harrowsmith.  These 
deposits  may  have  greater  saturated  thickness,  areal  extent  and  may  have  a  hydraulic 
connection  to  the  waters  of  Wilton  Creek. 
CHEMICAL  WATER  QUALITY 

Twelve  well  water  samples  were  collected  to  assess  the  chemical  quality  of  the 
ground  water  in  the  bedrock.     The  results  of  the  analyses  are  shown  in  Table  2. 

The  water  from  the  bedrock  is  hard  to  extremely  hard.     Only  three  of  the  sampled 
waters  border  on  or  surpass  the  Ministry's  permissible  criterion  for  iron  concentration 
of  0.3  mg/L.     Only  one  well  yielded  water  that  contained  a  high  sulphate  concentration 
of  320  mg/L,  which  exceeds  the  Ministry's  permissible  criterion  of  250  mg/L. 

The  total  dissolved  solids  in  seven  of  the  well  water  samples  exceeded  the 
Ministry's  permissible  criterion  of  500  mg/L.     Six  samples  contained  total  organic 
carbon  concentrations  of  greater  than  the  permissible  criterion  of  5  mg/L.     The  colour 
of  four  water  samples  equalled  or  surpassed  the  Ministry's  standard  while  two  of  these 
samples  were  more  turbid  than  acceptable.     Three  of  these  samples,  however,  contained 
iron  concentrations  above  the  permissible  level  and  the  high  colour  and  turbidity 
values  are  probably  related  to  the  high  iron  present. 

The  nitrate  concentration  in  two  well  water  samples  was  higher  than  the  general 
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concentration  noted  in  remaining  sampled  wells,  however,  nitrate  concentration  is  ^ 
still  well  below  the  Ministry's  permissible  criterion  of  10  mg/L.  The  main  sources  I 
of  this  type  of  contamination  are  suspected  to  be  animal  wastes,  septic  tank  effluents  | 
and  nitrogen  fertilizers. 

The  chloride  concentration  in  four  of  the  samples  exceeded  the  Ministry's 
permissible  criterion  of  250  mg/L.     Previous  studies  in  the  area  have  shown  that  i 
chlorides  appears  to  be  a  problem  through  the  study  area.     It  was  generally  concluded 
that  the  deeper  the  well  penetrated  into  the  bedrock  the  higher  the  risk  of  obtaining 
high  chloride  water.     From  the  water  analyses  results  for  this  survey,  it  was 
indicated  that  of  the  four  wells  with  high  chloride  concentrations,  three  were 
completed  within  a  depth  of  20.1  m   (66  feet). 

Only  one  well  that  was  sampled  reportedly  had  a  sulphur  odour  or  taste  problem. 
However,  in  reviewing  the  water  well  record  data,  it  is  seen  that  several  wells  did 
encounter  sulphurous  waters  not  only  at  depth  but  also  in  relatively  shallow  zones. 

In  general  the  water  quality  tends  to  deteriorate  with  depth.     The  possibility 
of  encountering  poor  quality  water  in  the  bedrock  is  relatively  high.  | 

The  lack  of  wells  in  the  sand  and  gravel  deposits  along  Wilton  Creek  prevented 
sampling  of  the  water  quality.     Except  for  some  iron  content,  water  quality  problems  ] 

are  not  anticipated.  ! 

1 

I 

CONCLUSIONS  j 

! 

Based  on  the  available  hydrogeologic  information,  the  overburden  in  the  area  does 
not  form  a  suitable  aquifer  which  is  capable  of  yielding  sufficient  quantities  of 

j 

water  for  municipal  supplies.     However,  sand  and  gravel  deposits  in  the  valley  of 
Wilton  Creek  south  of  Harrowsmith  may  attain  greater  saturated  thicknesses  and  areal 
extent  and  thereby  may  form  a  suitable  aquifer. 

The  bedrock  aquifer  is  the  only  aquifer  capable  of  yielding  sufficient  quantities 
of  water  to  individual  wells  but  the  chances  of  developing  a  municipal  well  supply 
in  the  bedrock  capable  of  yielding  10  L/s   (132  gpm)   are  poor.     In  addition,  if  a  well 
drilled  into  the  bedrock  is  found  to  yield  a  considerable  volume  of  water,  the 
potential  of  inducing  poorer  quality  water  in  the  form  of  higher  chlorides  and  i 
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sulphurous  odours  into  the  well  increases  with  time  under  heavy  pumpage. 

The  bedrock  under  the  channels  of  Wilton  Creek  and  Millhaven  Creek  has  a  better 
potential  of  yielding  water  supplies  on  a  communal  scale.     In  these  areas  the 
bedrock  surface  may  have  been  highly  weathered  due  to  past  erosional  forces  and  may 
be  hydraulically  connected  to  the  partially  saturated  overburden  materials.     As  a 
result  the  water  from  the  bedrock  in  the  channel  areas  may  be  of  a  more  acceptable 
quantity  and  quality  than  bedrock  water  in  other  areas. 
RECOMMENDATIONS 

The  prospects  of  developing  wells  capable  of  yielding  sufficient  quantity  and 
quality  are  not  considered  favourable.  Subsurface  conditions  in  the  areas  of  the 
bedrock  channels  of  Wilton  Creek  and  Millhaven  Creek  offer  the  only  potential  for 
communal  scale  wells  and  limited  test  drilling  is  recommended  in  these  areas.  As 
part  of  the  program  the  drilling  should  also  explore  the  potential  of  the  deposits 
of  sand  and  gravel  that  occur  in  the  Wilton  Creek  valley  and  that  extend  south  of 
Harrowsmith  for  several  kilometres. 
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